The stop-flow method has been used to study various aspects of renal tubular transport mechanisms. According to this method, aldosterone promotes the tubular reabsorption of sodium in the distal tubule. The method also indicates that the secretion of potassium, hydrogen and ammonium occurs in a very distal portion of the nephron. The substitution of anions such as ferrocyanide, sulfate and phosphate for chloride apparently increases the area of the nephron involved in the secretion of hydrogen and potassium. The stopflow experiments support other evidence that the rate of flow of urine through the loops of Henle affects the countercurrent multiplier system which, in turn, determines the ability of the kidneys to elaborate a concentrated urine.
IT HAS been known for many years that the kidney reabsorbs a large part of the salts and water filtered at the glomerulus. However, only in recent years have some of the mechanisms controlling secretion and reabsorption been elucidated. The micropuneture technic as developed by Richards' has been extremely useful in this respect, since it allows direct analysis of tubular urine. The stop-flow method, although not as precise as mieropuncture, has also lent itself well to renal transport studies.
For the past 2 years, the authors, in collaboration with Drs. Lawrence Sullivan, Arthur Vander and Peter Abbrecht, have used the stop-flow technic extensively as a tool for investigating the transport of salt and water in the nephron. Because of the limitations of time, we have arbitrarily selected 3 areas of our research for discussion at this symposium: (1) the effect of aldosterone on the transport of sodium; (2) the effect of large impermeant anions on the transport of potassium; (3) the effect of osmotic dinresis on the renal concentrating mechanism.
Aldosterons
Recently,2 using the stop-flow technic, we demonstrated a distal site of action of aldos- terone. The dashed curve in figure 1 illustrates a typical pattern of the concentration of sodium from a stop-flow experiment in a normal dog. The sodium concentration of free flow urine collected immediately before occlusion was 63 mM per liter. As distal fluid entered the collector, the concentration of sodium fell to a low of 5 mM per liter. As fluid from the loops and proximal tubules entered the collector, the concentrations of sodium rose to reach a plateau at the original free flow concentration. The peak concentration of para-aminohippurate (PAH), not shown in this figure, indicated the best stopflow proximal sample to be at 10 ml.
In contrast to the normal dog, the lowest concentration achieved by the distal tubule of the adrenalectomized dog was only 24 mM per liter. The distal tubule was apparently unable to reduce the concentration of sodium to the minimum value achieved in normal dogs during stop-flow.
Occasionally, normally low concentrations of sodium were obtained from the distal tubular urine of the adrenalectomized animal. This seemed to occur only when the concentration of sodium in plasma was exceedingly low. The following series of experiments was designed, therefore, to study the relationship between the concentrations of sodium in the plasma and in the distal tubular urine. After the collection of normal stop-flow urine, the concentration of sodium in plasma was raised rapidlv by the intravenous infusion of 2 to 3 reduced the maximal concentration gradient for sodium which can be maintained across the distal tubular cells. As the concentration of sodium in the plasma rises, the minimal concentration of sodium also rises. Even if the duration of occlusion is prolonged from 4 to 6 minutes, the peak concentration of sodium in the distal tubular urine during stop-flow is not changed, indicating that maximal reabsorption of sodium by the distal tubules occurs within the first 4 minutes of ureteral occlusion. The effects of aldosterone on the adrenalectomized dogs are demonstrated in figure 3 . The administration of aldosterone restored the ability of the distal tubule to lower the concentration of sodium in the distal tubule even in the presence of an elevated concentration of sodium in the plasma.
Mode of Action of Aldosterone Clearance methods indicate that aldosterone increases the tubular reabsorption of sodium. This action is manifested in stop-flow analysis by the ability of aldosterone to increase the maximal concentration gradient for sodium which can be developed between the plasma and the distal tubular urine. Since the mini- but also caused the points of maximum titratable acid and of maximum concentrations of potassium in the stop-flow patterns to be shifted proximally. The maximuin concentrations of these substances then appeared in the area of the patterns which normally contained the minimum concentrations of potassium. An area of the nephron, much larger than was apparent in the control occlusions, seemed t-o be secreting hydrogen and potassium. Figure 5 shows the results of 1 experiment in which a control occlusion was followed by a second after the infusion of phosphate so that the plasma phosphate level rose from 1.71 mM per liter to 14.3 mM per liter. The control patterns for potassium, ammonium and hydrogen all showed a distal secretory peak which was distal to the sodium minimum. After the infusion of phosphate, the maximum concentrations of potassium, ammonium and hydrogen were all iniereased. Their maximum concentrations were also all moved more proximally so that they coincided with the minimum for sodium. After infusion of phosphate, the distal reabsorptive area for potassium was no longer evident. Similar results are obtained if the dog is infused with any other relatively impermeant anion, e.g., thiosulfate, ferrocyanide or sulfate.
The stop-flow patterns indicate that, in the presence of the impermeant anions, the apparent secretion of hydrogen and potassium occurred along the full length of the distal nephron in which the strong sodium reabsorptive mechanism is located. Ordinarily, chloride follows the reabsorbed sodium at this site. However, in those animals which are infused with the sodium salt of the impernmeant anioiis, niore sodium than chloride is presented to the distal reabsorptive system, and the amount of sodium which is reabsorbed exceeds the supply of chloride. This excess of reabsorbed sodiumover chloride cannot be accompanied by the infused anion because of its size and immobility. Thus, as sodium is removed, the anionic charge remaining in the tubule will attract other available cations to replace the sodium. The only relatively diffusible cationis available in quantity are hydrogen and potassiuim, and they are drawn into the tubule fromi either the tubular cells or the interstitial fluid. Evidenitly the potassium reabsorptive mechanism calinot counteract this inward movement. In effect, then, a pseudo-exchange mechanism, created by the combination of the reabsorption of sodium and the preseniee of imnmobile aniolns, has been set up in a part of the tubule where one was not apparent in control experiments.
Countercurrent Multiplier System It has been established that the ability of the kidneys to concenltrate urine is dependent upon a countercurrent multiplier system.11
In this system, the interstitial osmnotic pressure increases along the pyramids, being highest at the tip. In the presenee of antidiuretic hormone (ADH) this gradient will cause water to be drawn out of the collecting ducts and so concentrate the urine. However, under certain conditions, urine osnmolality may decrease even in the presence of miaximnum ADH. During osmotic diuresis urine osmolality decreases and approaches plasrma osmolality as the diuresis becomes more severe.1" This inability to conieentrate during osmotic diuresis might be considered to result fromn increased rate of flow through the collecting ducts with concomitanit deerease in time allowed for osmotic equilibrium. If this were true, one would expect urine osmolarity to increase significantly during stop-flow as additional time is allowed for equilibration. Figure 6 shows the results of a stop-flow experiment in which urine osmotic pressure was measured. Although the osn1otic pressure Effect of the injection of matnnitol into the renal artery on the flowv of urine and the concentration of sodium in the urine.
